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(54) Vibration damping coating 

(57) Viscous damping of vibrations of structural el- 
ements occurring at elevated temperatures is achieved 
by applying to a body (6) of the element (2) a coating 
(20) that includes an inner bonding layer (22) of a ma- 
terial which undergoes a transition to a more ductile 
state at the temperatures at which the vibratbns are to 
be damped, and an outer ceramic oxide layer (24) se- 
cured to the body by the bonding layer. Viscous shear 
can then occur in the bonding layer as the relatively rigid 
outer ceramic oxide layer is subjected to the vibrations, 
so damping their amplitude. The materials of the bond- 
ing and ceramic oxide layers can be those convention- 
ally used for thermal barrier coatings. 
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Description 

[0001] This invention relates to the damping of vibra- 
tions in structural elements. It is particularly concerned, 
but not necessarily exclusively so, with the damping the 
vibration of elements that are components of gas tur- 
bines. 

[0002] The aerofoil members of axial gas turbines, for 
example, and in particular the rotating compressor and 
turbine blades, but also the static guide vanes, are struc- 
tural elements subject to vibrations which reduce the fa* 
tigue life of the members and which can lead to prema- 
ture cracking if the amplitude of vibration is sufficiently 
large. 

[0003] It is known to use a variety of means to damp 
the vibrations in gas turbines, both of rotating parts and 
also of non-rotating parts such as combustion chambers 
and exhaust ducts, to reduce any adverse effects of the 
vibrations. The present invention is concerned with a 
form of passive damping that can be employed both with 
rotating and non-rotating parts of gas turbines and with 
other structural elements subject to vibration. 
[0004] It is known to provide internal ducting in turbine 
blades of an axial flow gas turbine for a coolant flow that 
enables gas temperatures to be sustained that are close 
to or greater than the melting temperature of the metal 
from which the blade bodies are formed. It is also known 
to enhance the effectiveness of the cooling giving the 
metal body a thermal barrier coating (TBC) of ceramic 
oxide. Such coatings have been described, for example, 
in the paper "TBC and Other Surface Coatings; Benefits 
and Lifing Procedures", D.L Shaw. Paper No. 8 present- 
ed at the RTO AVT Workshop on "Qualification of Life 
Extension Studies for Engine Components", 5-6 Octo- 
ber 1998 at Corfu, Greece, under the auspices of the 
NATO Research and Technology Organisation (AG ARD 
SMP). and published in RTO MP-17. 
[0005] In order to bond a layer of ceramic oxide onto 
the blade, there is first formed on the body of the blade 
which inhibits oxidation of the metallic substrate. The 
bonding layer may be an overlay of a metal/rare earth 
complex having the general formula MCrAlX where M 
is one or more metallic elements, and X is a rare earth 
element. Alternatively, the bonding layer may be formed 
as metallic diffusion coating. 

[0006] After the application of the coating layer It is 
usual to subject the component to a high temperature 
heat treatment to promote diffusion and adhesion. 
When the component is cooled after the heat treatment 
the coating layer carries a residual strain because the 
bond coat has been heated beyond a brittle/ductile tran- 
sition temperature (BDTT) above which an increased 
ductility results in creep. At the elevated temperatures 
at which the blade operat s, the bonding layer will be at 
a temperature above the BDTT and also above the rath- 
er higher ductile/brittle transition temperature (DBTT) 
where the ductility will have increased further Above the 
DBTT. b cause of the greater ductility of the material. 



little strain can be transmitted through the bonding layer 
to the ceramic oxide layer. 

[0007] These phenomena are significant in TBCs be- 
cause they determine the mechanism of cracking within 
5 or between the layers due to thermal expansion mis- 
match straining which leads to spalling of the ceramic 
oxide layer or open paths for oxidation that will acceler- 
ate delamination of the layers. In the present invention, 
the transition of the bonding layer to a more ductile state 
?o is utilized to different and novel end. 

[0008] Thus, in one of its aspects the present inven- 
tion is directed to the use of a coating on a metal body 
or substrate of a structural element as a means of vibra- 
tion damping for the element, the coating comprising a 
'5 first, bonding layer over which an outer ceramic oxide 
layer is applied, the bonding layer having a BDTT at 
which the transition to the ductile state occurs that is 
below a critical temperature at which the vibrations to 
be damped occur in the operation of the element, where- 
by at or above said critical temperature said bonding lay- 
er provides a visco-elastic interconnection between the 
body of the element and the ceramic oxide layer reduc- 
ing vibrations that generate shear in said layer. 
[0009] The critical temperature may be a temperature 
reached only in a transient phase of operation of the el- 
ement or it may occur in a steady state of operation. 
[0010] Preferably, the bonding layer DBTT at least 
equals the temperatures at which the vibrations to be 
damped occur, in order to obtain a greater damping ef- 
fect, although some of the increase of ductility may be 
lost as the temperature rises appreciably beyond the 
DBTT. 

[0011] The customary bonding layers for ceramic ox- 
ide TBCs such as are used on gas turbine blading are 
relatively thin as they serve solely to adhere the outer 
ceramic oxide layer to the metal substrate and form a 
barrier giving resistance to oxidation of the substrate. In 
an element according to the invention, the maximum 
thickness of the bonding layer maybe considerably 
greater to allow the ceramic oxide layer to act more ef- 
fectively against a vibratory mode of the substrate. How- 
ever, the bonding layer thickness should not be so large 
as to compromise structural integrity. 
[0012] In an element according to the present inven- 
tion, the bonding layer may be a metal/rare earth com- 
plex of the formula MCrAlX in which, as known per se, 
the metallic component M is preferably Fe, Co, Ni, or 
NiCO, and the rare earth element X is preferably Y, Ta, 
Th or Li, and possibly with platinum, tantalum or oxide 
dispersion strengthening elements as additions. For 
such a material, preferably the thickness is in the range 
0.001 inch to 0.02 inch (0.025 mm to 0.5 mm). 
[0013] The bonding layer may alternatively be a me- 
tallic layer diffused onto the substrate. The thickness of 
such a layer may have a somewhat lower limit, eg. not 
substantially I ss than 0.0005 inch (0.012 mm). Known 
examples of suitable diffused metallic layers include 
platinum aluminising. pack aluminising. vapour alu- 
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minising, possibly with a preceding electrolytic platinum 
deposition, or the layer may be formed by platinum or 
chromium or palladium alone. 

[001 4] The required damping effect will also influence 
the thickness of the ceramic oxide outer layer and any s 
thermal insulation effect may be secondary. For exam- 
ple, a nr«ximum thickness limit may be dictated for the 
outer layer by the resonant frequency the coating is re- 
quired to damp. It may also be required to taken into 
account other operational loadings acting, such as the 
centrifugal force on a rotary blade which will itself im- 
pose shear loads on the bonding layer. Generally the 
ceramic oxide layer will have a thickness approximately 
between 0.005 inch and 0.040 inch (0.12 mm and 1 
mm). 

[001 5] Any ceramic oxide can be used for the outer 
layer. One example is yttria partially stabilised zirconia 
(PYSZ), the yttria content normally being in the range of 
5% to 35%. preferably about 6% to 8%. 
[0016] The layers of the coaling may be deposited by 
any known process, such as air plasma spray, including 
shrouded plasma spray and low pressure plasma spray, 
as well as by physical or chemical vapour deposition. 
[001 7] In the application of the coatings, the thickness 
may be varied over the extent of the structural element 
in order to achieve an optimum damping effect. For ex- 
ample, under many vibratory modes the maximum am- 
plitude of displacement will vary locally over the element 
and it may be arranged that the thickness of the bond 
layer is increased and decreased in dependence upon 
the local maximum amplitude. Similarly, the thickness 
of the ceramic oxide layer may be varied to optimise the 
damping effect and/or to reduce the weight of the coat- 
ing. 

[0018] According to another aspect of the invention, 
therefore, a structural element extending from a support 
comprises a body provided with a vibration damping 
coating comprising a first, bonding layer over which an 
outer ceramic oxide layer is applied, the bonding layer 
having a BDTT In which the transition to the ductile state 
occurs at a temperature below a critical temperature at 
which the vibrations to be damped occur in the operation 
of the element, whereby said bonding layer provides a 
visco-eiastic interconnection between a body of the el- 
ement and the outer layer, said coating being confined 
to or having a greater thickness at a part of the body 
spaced from said support. 

[0019] The examples of the layer materials referred 
to above are also applicable to the coating of a structural 
element according to this aspect of the invention. 
[0020] One important application of such non-uniform 
coatings is for the damping of vibrations in aerofoil mem- 
bers, such as guide vanes or rotary blading, particularly 
members having an aerofoil surface with an aspect ratio 
of 2 or more. For exampi , where the surface is provided 
by an element that projects in cantilever manner from a 
mounting, vibrations will commonly be xperi need 
more In the tip region remote from the mounting and the 



coating can accordingly be confined to that region or giv- 
en an increased thickness there. 
[0021] By such means it is possible to damp in an op- 
timum manner vibratory modes of high aspect ratio tur- 
bine or compressor blades which cannot be effectively 
damped by known methods such as under-platform slid- 
ing damping. 

[0022] An example of the use of the invention is illus- 
trated in the accompanying drawings, in which: 

Fig. 1 is a side view of a turbine blade of a gas tur- 
bine on which a displacement contour plot has been 
superimposed, 

Fig. 2 is a similar view of the blade to which a vibra- 
tion damping coating in accordance with the inven- 
tion has been applied, and 

Fig. Sis a section of the blade of Fig. 2 on the plane 
111-111. 

[0023] Fig. 1 shows an unshrouded low pressure tur- 
bine blade 2 with a root 4 by means of which it is mount- 
ed in a turbine disc (not shown), and a high aspect ratio 
aerofoil element 6 extending integrally from a platform 
8. On the aerofoil element 6 there Is drawn a displace- 
ment contour plot for a complex vibratory mode of the 
blade. The closeness of the contour lines is an indication 
of the gradient (rate of change of displacement per unit 
length) of the vibratory displacements of the aerofoil el- 
ement 6 and it is noteworthy that the predominant mo- 
tion is towards the trailing edge 1 2 and the outer tip 14 
of the element. A plot of surface strain would shown that 
the greater part of the aerofoil element has negligible 
levels of surface strain away from this edge-tip region. 
[0024] Particularly in the case of high aspect ratio tur- 
bine blades, ie. having an aspect ratio of 2 or more, vi- 
bratory modes can develop away from the root of the 
blade and effective damping can be obtained by apply- 
ing a local coating, eg. to the trailing edge regbn near 
the blade tip. 

[0025] Figs. 2 and 3 show a visco-elastic damping 
coating 20 applied to the edge-tip region. The coating 
consists of a 0.25 mm FeCrAlY bonding layer 22 applied 
directly to the metal substrate of the blade and a 7% 
yttria partially stabilised zirconia layer 24 0.5 mm thick 
applied to the bonding layer by air plasma spray. It will 
be understood that the thickness of the layers have been 
exaggerated in Fig. 3 for clarity of illustration. 
[0026] The FeCrAlY complex is chosen for the bond 
coat because the material is in a ductile state at the tem- 
perature range in which the blade vibratory mode is In 
a condition of resonance. The thickness of the coating 
Is sufficiently great to be effective for damping but is not 
so great as to compromise mechanical Integrity. The ce- 
ramic oxide coating chosen has a high rigidity when th 
blade vibratory mode is in a condition of resonance and 
so will constrain the bonding layer as vibration occurs 
to generate viscous sh ar damping. 
[0027] As with MCrAtX complexes generally, the Fe- 
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CrAlY layer will exist in a relatively brittle state at ambi- 
ent temperature but undergoes the transition to a ductile 
state with a rise in temperature. The change of behav- 
iour first appears as the brittle/ductile transition temper- 
ature (BDTT) is passed. Ductility then increases rapidly 
with further rise of temperature to a maximum at the duc- 
tile/brittle transition temperature (DBTT) and thereafter 
decreases, but only slowly. The required effects for per- 
formance of the invention can therefore be achieved by 
a bond layer composition that has exceeded its BDTT 
sufficiently to show a significant degree of ductility al- 
though the optimum state is reached near or above the 
DBTT. 

[0028] At temperatures below the transition the non- 
ductile nature of the bonding layer will generate residual 
stresses in it due to the constraints of the body of the 
structural element and the outer ceramic oxide layer. 
These residual stresses will depend both on the temper- 
ature range the layer is subjected to while in the brittle 
state and on the thickness of the layer, and they may 
impose a limit on the maximum thickness of the bonding 
layer 

[0029] The constraints on the bonding layer are due, 
at least in large part, to the fact that the ceramic oxides 
of the outer layer have a low coefficient of thermal ex- 
pansion as compared with the metal alloys typically em- 
ployed for the bodies or substrates of the structural el- 
ements to which the coatings are applied. The bond lay- 
er acts, when in the ductile state, to absorb the interface 
strains between the substrate and the outer layer, but 
while in the brittle state it can experience high stress 
levels. If the bond layer Is too thick, excessive stresses 
occurring in the brittle state can cause local separation, 
which will reduce damping effectiveness and possibly 
lead to spalling of the ceramic oxide layer. 
[0030] Above the BDTT, and more so as the DBTT is 
reached, the stresses in the bonding layer are substan- 
tially reduced as it becomes more ductile and it also al- 
lows relative displacement to take place between the ce- 
ramic oxide outer bonding layer and the body of the el- 
ement. In-plane strains will occur in the bonding layer in 
vibratory modes of the element due to the inertia of the 
outer layer and, dependent upon the elastic modulus of 
the bonding layer a damping effect is produced limiting 
the vibrations. 

[0031] Damping coatings according to the invention 
can be adapted to various modes of vibration of a blade, 
eg. for first flap, first edgewise or first torsion, in which 
a relatively uniformly distributed surface strain appears 
in the body of the aerofoil element; the whole area or 
substantially the whole area of the element may be coat- 
ed to damp vibrations. In those vibratory modes where 
the surface strains are mainly localised to a particular 
region of th blad as in the illustrated exampi , the 
coating can be similarly localised, or the thicknesses of 
the layers may be increased in that region to give the 
damping ffect In the most economical manner. 
[0032] Vibration nnay also occur as a result of the on- 



set of flutter, a non-resonant self-exciting condition. This 
phenomenon can occur in particular in high aspect ratio 
blading and requires damping to avoid excessive vibra- 
tory strains. 

s [0033] In the illustrated example described, the vibra- 
tions to be controlled occur in a transient state as a res- 
onance of the system, but in other instances there may 
be a need to control vibration at a steady operating state. 
In either case it is possible to define the temperature at 

10 vvhich the structural elements are operating when the 
vibration occurs. By appropriate choice of the bonding 
layer composition, a suitable transition temperature can 
be obtained to ensure that the damping action appears 
at the appropriate stage in an operating cycle. 



1. The use of a coating on a metal body or substrate 
20 of a structural element as a means of vibration 

damping for the element, the coating comprising a 
first, bonding layer over which an outer ceramic ox- 
ide layer is applied, the bonding layer having a brit- 
tle-ductile transition temperature (BDTT) at which 
2S the transition to the ductile state occurs that is below 
a critical temperature at which the vibrations to be 
damped occur in the operation of the element, 
whereby at or above said critical temperature said 
bonding layer provides a visco-elastic interconnec- 
30 tion between the body of the element and the ce- 
ramic oxide layer reducing vibrations that generate 
shear in said layer. 

2. The use of a coating according to claim 1 wherein 
3S the bonding layer is a metal/rare earth complex 

coating having the general formula MCrAlX (where 
M is one or more metallic elements, and X is a rare 
earth element) or Is a metallic diffusion coating. 

40 3. The use of a coating according to claim 2 wherein 
X is Y. Ta. Th or Li. 

4. The use of a coating according to any one of claims 
1 to 3 wherein the bonding layer coating thickness 

45 is in the range 0.001 inch to 0.2 Inch (0.025 mm to 
0.5 mm). 

5. The use of a coating according to any one of claims 
1 to 3 wherein the bonding layer coating thickness 

so is not substantially less than 0.05 inch (0. 1 mm) and 
is preferably at least 0.08 inch (0.2 mm). 

6. The use of a coating according to claim 2 wherein 
the bonding lay r is form d at least in part by alu- 

ss minising, pack aluminising, vapour aluminising or 
by diffusion of platinum, chromium or palladium. 

7. The use of a coating according to claim 6 wherein 
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the bonding layer is not substantially less than 17. 
0.0005 inch (0.012 mm) thick. 

The use of a coating according to any one of the 
preceding claims applied to the structural element s 18. 
in different thicknesses at different regions of the 
element or applied only partially to the surface of 
the element. 



A structural element according to any one of claims 
10 to 16 wherein said body has an aeroloil surface 
to which said coating is applied. 

A structural element according to claim 1 7 wherein 
the aerofoil surface has an aspect ratb of 2 or more. 



9. The use of a coaling according to any one of the io 
preceding claims for the damping of vibrations oc- 
curring in the operation of said structural element at 

a temperature not substantially less than a ductile/ 
brittle transition temperature of the bonding layer. 

IS 

10. A structural element arranged to extend from a sup- 
port and provided with a vibration damping coating 
on a body of said element comprising a first, bond- 
ing layer over which an outer ceramic oxide layer is 
applied, the bonding layer having a brittle-ductile 
transition temperature (BDTT) in which the transi- 
tion to the ductile state occurs at a temperature be- 
low a critical temperature at which the vibrations to 
be damped occur in the operation of the element, 
whereby said bonding layer provides a visco-elastic 2S 
interconnection between the body of the element 
and the outer layer, said coating being confined to 

or having a greater thickness at a part of the body 
spaced from said support. 

30 

11. A structural element according to claim 10 wherein 
the bonding layer is a metal/rare earth complex 
coating having the general formula MCrAlX (where 
M is one or more metallic elements, and X is a rare 
earth element), or is a metallic diffusion coating. 3S 

12. A structural element according to claim 11 wherein 
X is Y, Th or Li. 

1 3. A structural element according to any one of claims 40 
10 to 12 wherein the bonding coating thickness is 

in the range 0.001 inch to 0.2 inch (0.025 mm to 
0.05 mm). 

14. A structural element according to any one of claims 45 
10 to 12 wherein the bonding coating thickness is 

not substantially less than 0.05 inch (0. 1 mm) and 
is preferably at least 0.08 inch (0.2 mm). 

15. A structural element according to claim 11 wherein so 
the bonding layer is formed at least in part by alu- 
minising, pack aluminising, vapour aluminising or 

by diffusion of platinum, chromium or palladium. 

16. A structural element according to claim 15 wher in ss 
th bonding layer is not substantially less than 
0.0005 inch (0.012 mm) thick. 



BNSOOCID: <EP 1026366A1J_> 



5 



EP 1 026 366 A1 




EP 1 026 366 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appticatlofi Number 

EP 00 30 0868 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indicaton, where appropriate, 
01 relevant passages . 



Relevant 
to claim 



CLASSIFICATIOtt OF THE 
APPLICATION (mtCl.T) 



US 3 758 233 A (NEWMAN R ET AL) 
11 September 1973 (1973-09-11) 

* the whole document * 

EP 0 705 912 A (ROLLS ROYCE PLC) 
10 April 1996 (1996-04-10) 

* column 3, line 23-38 - column 8, last 
paragraph; claims 12-14 * 

GB 2 027 496 A (MOTOREN TURBINEN UNION) 

20 February 1980 (1980-02-20) 

* the whole document * 

EP 0 532 150 A (GEN ELECTRIC) 
17 March 1993 (1993-03-17) 

* column 2, paragraph 2 * 

DE 41 06 700 A (RUETGERS PAGID AG) 

21 May 1992 (1992-05-21) 

* the whole document * 



The present search report has tieen drawn up for all claims 



1,2.4-7, 
10,11, 
13-18 
3,8,12 

1,2,6 



1,10 



3,8,12 



1-18 



FOlOB/26 
FO 105/28 



TECHNICAL FIELDS 
SEARCHED <lnLCL7) 



FOID 

C23C 



Place of sMich 

MUNICH 



Date ol ooRVtatfcn ol tM ceafch 

4 April 2000 



Acton, P 



CATEGORY OF CITED DOCUMENTS 

X : particuiany r«lovant if talcar alone 

Y : parbcutaily rdevam if combined wfth another 

document of the same category 
A : tec^viological t>ackgFOund 
O : non-wnnen disclosure 
P : wHormPfStttQ docunwrt 



T : theory or pnncf}le undsrtying the invention 
E : earlier patent documeni, but published or\ or 

aner the fiting dale 
D : documert died in Iho appCrcalion 
L : documenl ctted for other reasora 

& : member ol the same patent family, corresporidlng 
document 



BNSOOCID: <EP 1026366A1J„> 



7 



EP 1 026 366 A1 



ANNEX TO THE EUROPEAN SEARCH REPOFTT 
ON EUROPEAN PATENT APPUCATION NO. 



EP 00 30 0868 



This annex lists the patent family memi)ers relating to the patent documents cttad in the abova-mentjoned European search report. 
The fnemt)ers are as contained In the European Patent Otfice EOP file on 

The European Patent Office is in no way iiaPle for these particulars which are merely given for Ifie purpose of information. 

04-04-2000 



Patent document 




Publication 




Patent family 




Publication 






date 




fTiember(s) 




date 


US 3758233 


A 


11-09-1973 


GB 


1369558 


A 


09-10-1974 


EP 0705912 


A 


10-04-1996 


DE 


69302678 


D 


20-06-1996 








DE 


69302678 


T 


26-09-1996 








DE 


69318856 


D 


02-07-1998 








DE 


69318856 


T 


15-10-1998 








EP 


0628090 


A 


14-12-1994 








WO 


9318199 


A 


16-09-1993 








JP 


7504232 


T 


11-05-1995 








US 


5652044 


A 


29-07-1997 








us 


5846605 


A 


08-12-1998 


GB 2027496 


A 


20-02-1980 


DE 


2834843 


A 


26-06-1980 








FR 


2433098 


A 


07-03-1980 








IT 


1122732 


B 


23-04-1986 








NL 


7905608 


A 


12-02-1980 








SE 


7905910 


A 


10-02-1980 


EP 0532150 


A 


17-03-1993 


us 


5316866 


A 


31-05-1994 








CA 


2076124 


A 


10-03-1993 








JP 


5132751 


A 


28-05-1993 


DE 4106700 


A 


21-05-1992 


NONE 









uj For more details about this annex : see Official journal of the European Patent Otfice. No. 1 2/82 



BNSOCXSID: <EP 1026366A1_L 



